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A 60-gram sample of crushed Black Warrior Basin
(BWB), Alabama coal (1-2 mm size fraction) was
contacted with pure and mixed gases—CO;, CHy, a
CO,-CH4 mixture (~50 mole % CO,), and He—at 35
and 40°C, 324 < P(psi) < 497, to determine the rates
and magnitudes of gas adsorption. The sample was
loaded into a 1.2 liter autoclave suspended in a 0.5 m3,
cylindrical infrared oven. Temperature and pressure
were measured with ultra-high precision (7, + 0.01°C;
P, = 0.05 psi) and accuracy (7, + 0.05°C; P, + 0.1 psi)
using high-quality thermistors and pressure transducers.
After vacuum drying the sample at 80°C for 36 hours, a
typical “dry” experiment consisted of:
* adjusting autoclave temperature;
* evacuating the autoclave to < 1 psi;
* loading a calibrated reference volume with gas; and
* releasing the gas into the autoclave and
simultaneously recording gas pressure inside the two
reservoirs.

Results of 15 “dry” and water-saturated experiments are
systematic, and indicate a two-step gas
infiltration/adsorption process manifested by:

* a rapid initial pressure drop lasting <10 sec, which is
attributable to pore filling and initial gas adsorption;
followed by

* a prolonged period of slow pressure decrease
attributable to gas diffusion and adsorption, lasting
<10 hours for pure CO, and the CO,-CH,4 mixture,
and >50 hours for pure CHy.

Collectively, the data indicate that CO, adsorption on
coal surfaces is much more rapid than CH4 adsorption.
The experiments also suggest negligible adsorption

of He.
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Key Conclusions

» Differential COy/CHy4 adsorption kinetics will play a key role in CO, sequestration/ECBM production in

subterranean coalbeds.
* CO; adsorption on dry and water-saturated coal is much more rapid than CH4 adsorption.
» Water saturation decreases the rates of CO,/CHy4 adsorption on coal surfaces, but it appears to have minimal

effects on the final magnitudes of CO,/CH,4 adsorption!
» CO,/CH4 adsorption on coal surfaces is not strongly dependent on formation temperature.
* Results of our experiments suggest negligible adsorption of He on coal surfaces.

- 382 — T T T T T 298 - 4
i N
350 & 496 |- B
- z @O [ oamp
348 |- - i a8 .
E Sarsl | oawl
a8 | ] g a8
2 376 - - 34
E 490~
344 |- - & ar4 F 344
& CHyCO; a8
a4z L . 3Tz | Foa4n
i ] L g8 £
. N aro L b
340 1 1 L 1 1 anal 340
o 20 40 60 80 100 120
Time (hr)
Results of CH-adsorption
experiments performed with dry
BWB coal at 35 and 40°C.
we P we
35 — T T T w ar0
sz 35 and 40°C| - a7 |- Y8
50 . = 495 I- e
- ] g 4 |»
- [ a8z
348 /CHy, 40°C J g A9 f
3 - i 4 [ 460
344 - 2 - t
. 4 487 i' i
342 PR T T RSN N r
0 40 B0 120 160 200 ags L 456
Time (hr)
Results of COz-adsorption experiments
performed with dry and water-saturated
A BWE coal at 40°C.
470
L o o e B EBSLA B
e ]
3 e |, 478 B
& s | 4
s p am B
4 F ~C0g, water-saturated T
g 2 [ ara e PPV =
2 460 k o ]
1 <
458 [ B N
50— ks PR
o 40 BO 120 160 200
Time (hr}

CO5-CHy adsorption experiments performed with

dry (BWB) coal at 35°C.

T T T T T T

Time hr)

Results of CO3-adsorption
experiments performed with dry
BWE coal at 35 and 40°C.

(35 and 40°C] ]

/€02, 35°C

Results of replicate CHy-adsorption experiments
performed with partially and fully desiccated

CH,,
repdall CH,

Pressure (psia)

352 - 352
350 |- as0

348 - 348 |-

¢
380 ~

are |-
g 96 [
2 ara (5
peal
5 a2l

aro -
o F

Results of pure COz and pure CHy

adsorption experiments performed with

waler-saturated BWE coal at 40°C.

f

356 ———

BWE coal a1 40°C.

2

-
=
@

" @52 )

[ as0 |-

-
E]
=

Pressure (psia)
3
B L S o . |

[ ass|-

-
=
]

L:ilté_-

L
470 344

«— CHy, water-saturated

COy, water-saturated =~

Michael T. Naney — Electrochemical Systems, Inc.

Results of replicate COz-adsorption experiments

performed with partially and fully desiccated

BWE coal at 40°C.

Time (hr)

.
e > -
W 11T T 1T }.‘?Oilr‘rlrurl
§ a88 | 1
-m I as8 -m -
350 |- . o E - ]
[ 1 L 466 -
3. :
348 | 4 2 WII 464 i
g £ I . 4
462 ¢
Ly ] E [ a6z -
CH 2 = ml o ]
. reped’ B =,
- 344 . N it g L] S COy. repeat |
CHy, repeat 1 L B
v A U T TR MU SO S N 456 - i5s PR M Lot TR [ e
0 20 40 €0 B0 100 120 (1] 10 20 30 40 50
Time (hr) Time (hr)
Results of adsorption experiments performed with a Results of CHy-adsorplion experiments
~50.50 mole percent mixture of CO3 and CHy on 1 with dry and wat, |
“dry” BWB coal at 35 and 40°C. BWB coal at 40°C.
Wwe oy W
BT T T T T T T 36~ W~ T T T T T T T
2| il + + - .
o 35 and 40°C| Al [a0c] ]
JEE=a i ]
378 1 &0 sl 4
- By % L E -~ CH;, waler-gaturated ]
ara [ |\ COxCH, a0°C b £ asol a0l || -
= = — -4 \
K < i 1
. COxCH,, 35°C ] r = CHy. d
L a7 0
az | ] AL Sarloy, il |
L 370 - | 4
U ass il L I 1 L 346 L 345 I I L L
o 20 a0 60 B0 100 120 40 80 120 160 200
Time (hr) Time (hr)
e Results of He-adsorption
498 — experiments performed with dry
| s BWE coal at 35 and 40°C.
W17 TT T T T
1 324 o 4
T | 35 and 40°C
4 | 324 .
T 5 322
p H |
- B - a3z : -
J 3 | pgHe ' Heasc
1] g 3z | L =
4 = 4 322 .
7 321~
a21 PR BT VR [ N N [ ) [
] 10 20 30 40 50 60

ORNL 2006-GO061 1/jcn





